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(57) The present invention relates to a plate heat ex- 
changer for simultaneously exchanging heat between 
two sets of fluids having different temperatures. The 
plate heat exchanger comprises a heat exchange ele- 
ment (2) comprising two plates facing each other so as 
to form a inner sealed space as a passage for a first 
fluid, and a plate surface of the plate serves as a heat 
transfer surface, and a fluid flowing along an outer sur- 
face of the plate is a second fluid. The plate heat ex- 
changer comprises a heat exchange element (2') com- 
prising two plates facing each other so as to form a inner 
sealed space as a passage for a third fluid, and a plate 
surface of the plate serves as a heat transfer surface, 
and a fluid flowing along an outer surface of the plate Is 
a fourth fluid. A plurality of the heat exchange elements 
(2) and a plurality of the heat exchange elements (2') 
are alternately disposed in such a manner that the plate 
surfaces of the plates are opposed to each other and a 
predetermined gap is formed between adjacent the heat 
exchange elements. A communication pipe communi- 
cating with the inner spaces of the heat exchange ele- 
ments (2) and a communication pipe communicating 
with the inner spaces of the heat exchange elements 
(2') are formed on the plate surfaces of the heat ex- 
change elements (2) and (2*) and integrally formed with 
the elements. 
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Description 
Technical Field 

[0001] The present invention relates to a plate heat 5 
exchanger for exchanging heat between two fluids flow- 
ing alternately through adjacent fluid passages between 
piled plates, and more particularly to a plate heat ex- 
changer suitable for such cases where at least one of 
the fluids is a low-pressure vapor (or is evaporated with 
phase change, or Is condensed from a vapor), as an 
evaporator, a low-temperature regenerator or a con- 
denser in a refrigerating machine using a low-pressure 
refrigerant. 

Background Art 

[0002] FIG. 1 4 shows a configuratlonal example of an 
absorber and an evaporator utilizing a conventional 
plate heat exchanger. 

[0003] Generally, if a flow velocity of a vapor at an out- 
let of an evaporator or a flow velocity of a vapor at an 
inlet of an absorber is not suppressed to about 50 m/s 
or lower, then flow resistance is increased to lower the 
performance of a refrigerating machine. 
[0004] In the conventional example, an evaporator 21 
and an absorber 22 are disposed on the left side and 
the right side, respectively. The size of a passage for 
vapor with respect to four surfaces of the plates appears 
as 

the height of the plate x a gap between the plates/ 

2. 

Thus, a considerably large gap is required between the 
plates, and hence it is difficult to achieve compactness. 
In FIG. 14, the reference numeral 11 denotes cold water, 
the reference numeral 12 cooling water, the reference 
numeral 13 a refrigerant liquid, and the reference nu- 
meral 14 an absorption solution. 
[0005] In order to solve this problem, as shown in FIG. 
1 5, there has been proposed a plate heat exchanger in 
which absorber elements 2' and evaporator elements 2 
are altemately disposed in such a manner that adjacent 
plate surfaces of the elements are opposed to each oth- 
er. In this case, the size of a passage for vapor with re- 
spect to four surfaces of the plates appears as 

the height of the plate x the width of the plate. 
Therefore, the gap between the plates can be designed 
without the influence of the flow velocity of the vapor, for 
thereby achieving compactness. 

[0006] With such a type of heat exchanger as shown 
in FIG. 15, it is necessary to combine two plates into a 
heat exchange element, one by one, and then to attach 
each of the heat exchange elements to a header for cold 
water and a header for cooling water, one by one. Thus, 
many nnan-hours are needed to manufacture the heat 
exchanger In this example, the heat exchange element 
and the header for cold water (or the header for cooling 
water) are prepared as separate components. There- 



fore, in the case of 100 heat exchange elements, it is 
necessary to bond the heat exchange elements to the 
header at 200 points for the inlets and the outlets. Fur- 
ther, the absorber and the evaporator are different in 
shape, so that many types of components are required. 
[0007] Furthermore, in the case where the absorber 
elements and the evaporator elements are alternately 
disposed, for example, the absorption solution 14 and 
the refrigerant liquid 1 3 simultaneously flow downwardly 
through the gap between the elements, with scattering 
droplets thereof. If the absorption solution is mixed into 
the refrigerant, then the contamination of the refrigerant 
causes elevation of boiling point to rise the evaporating 
temperature, thereby deteriorating the performance of 
the refrigerating machine. Further the amount of the so- 
lution on the heat transfer surface is reduced, so that 
the heat transfer surface is difficult to be wet. 
[0008] On the other hand, if the refrigerant liquid is 
scattered as droplets from the heal transfer surface of 
the evaporator and introduced into the absorber, then 
the concentration of the solution is decreased to lower 
the absorbing ability of the solution, thereby deteriorat- 
ing the performance of the refrigerating machine. Fur- 
ther, when the refrigerant liquid jumps out in liquid phase 
without evaporating, the refrigerating machine cannot 
obtain the inherent refrigerating effect, resulting in low- 
ered efficiency- Further, the amount of the refrigerant I iq- 
uid on the heat transfer surface is reduced, so that the 
heat transfer surface is difficult to be wet 

Disclosure of the Invention 

[0009] The present invention has been made in view 
of the above prior art. It is an object of the present in- 
vention to provide a plate heat exchanger which can be 
manufactured at reduced cost of production and assem- 
bly from a small number of components, can prevent a 
droplet from being scattered during supply of a liquid be- 
tween heat exchange elements, and can flow the liquid 
on a plate evenly to obtain high efficiency of heat ex- 
changing perfonmance. 

[0010] In order to achieve the above object according 
to a first aspect of the present invention, there is provid- 
ed a plate heat exchanger for simultaneously exchang- 
ing heat between two sets of fluids having different tem- 
peratures, characterized in that: the plate heat exchang- 
er comprises; a heat exchange element (A) comprising 
two plates facing each other as a set so as to form a 
sealed inner space therebetween as a passage for a first 
fluid, wherein a plate surface of the plate serves as a 
heat transfer surface, and a fluid flowing along an outer 
surface of the plate is a second fluid; and a heat ex- 
change element (B) comprising two plates facing each 
other as a set so as to form a sealed inner space as a 
passage for a third fluid, wherein a plate surface of the 
plate serves as a heat transfer surface, and a fluid flow- 
ing along an outer surface of the plate is a fourth fluid; 
a plurality of the heat exchange elements (A) and a piu- 
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rality of the heat exchange elements (B) are alternately 
disposed in such a manner that the plate surfaces of the 
plates are opposed to each other and a predetemnined 
gap is fomried between adjacent the heat exchange el- 
ements; and a communication pipe communicating with 
the inner spaces of the heat exchange elements (A) and 
a communication pipe communicating with the inner 
spaces of the heat exchange elements (B) are formed 
on the plate surfaces of the heat exchange elements (A) 
and (B) and integrally fomied with the elements. 
[0011] In the plate heat exchanger the communica- 
tion pipe communicating with the elements may be con- 
stituted by a part of the plate in the element. The two 
elements (A) and (B) alternately disposed may have the 
same shapes that are symmetrical in the opposite direc- 
tion. 

[0012] In the ptate heat exchanger, the first fluid may 
be cooling water, the second fluid may be an absorption 
solution, the third fluid may be cold water, and the fourth 
fluid may be a refrigerant liquid to constitute a plate-type 
absorber and a plate-type evaporator for an absorption 
refrigerating machine. Further, the first fluid may be a 
heat source fluid (such as hot water or vapor), the sec- 
ond fluid may be an absorption solution, the third fluid 
may be cooling water and the fourth fluid may be a re- 
frigerant condensate to constitute a plate-type regener- 
ator and a plate-type condenser for an absorption refrig- 
erating machine. Furthermore, the plate-type absorber 
and evaporator and/or the plate-type regenerator and 
condenser may be used as an absorber, an evaporator 
a regenerator and a condenser in an absorption refrig- 
erating machine to constitute an absorption refrigerating 
machine. 

[0013] According to a second aspect of the present 
invention, there is provided a plate heat exchanger for 
simultaneously exchanging heat between two sets of 
fluids having different temperatures, characterized in 
that: the plate heat exchanger comprises: a heat ex- 
change element (A) comprising two plates facing each 
other as a set so as to fomri a sealed inner space ther- 
ebetween as a passage for a first fluid, wherein a plate 
surface of the plate serves as a heat transfer surface, 
and a fluid flowing along an outer surface of the plate is 
a second fluid; and a heat exchange element (B) com- 
prising two plates facing each other as a set so as to 
form a sealed inner space as a passage for a third fluid, 
wherein a plate surface of the plate serves as a heat 
transfer surface, and a fluid flowing along an outer sur- 
face of the plate is a fourth fluid; a plurality of the heat 
exchange elements (A) and a plurality of the heat ex- 
change elements (B) are alternately disposed in such a 
manner that the plate surfaces of the plates are opposed 
to each other and a predetemnined gap is formed be- 
tween adjacent the heat exchange elements; and scat- 
ter preventive means for preventing a droplet from being 
scattered is provided in the gap. 

[0014] Preferably, in the plate heat exchanger a com- 
munication pipe communicating with the inner spaces 



of the heat exchange elements (A) and a communica- 
tion pipe communicating with the inner spaces of the 
heat exchange elements (B) are fomned on the plate sur- 
faces of the heat exchange elements (A) and (B). Fur- 
5 ther the scatter preventive means may be constituted 
by two plates so as to return a scattered liquid to the 
heat transfer surface on which the liquid has been scat- 
tered. 

[0015] Further in the plate heat exchanger of the 
10 present invention, the communication pipe communi- 
cating with the elements may be constituted by a part of 
the plate in the elements. The two heat exchange ele- 
ments (A) and (B) alternately disposed may have the 
same shapes that are symmetrical in the opposite direc- 
ts tion. Furthermore, a liquid distributor for the second fluid 
and/or the fourth fluid may be disposed on the outer sur- 
face of the plate in the heat exchange element (A) and/ 
or the heat exchange element (B). 
[0016] According to a third aspect of the present in- 
20 vention, there is provided a plate heat exchanger for si- 
multaneously exchanging heat between two sets of flu- 
ids having different temperatures, characterized in that: 
the plate heat exchanger comprises: a heat exchange 
element (A) comprising two plates facing each other as 
25 a set so as to form a sealed inner space therebetween 
as a passage for a first fluid, wherein a plate surface of 
the plate serves as a heat transfer surface, and a fluid 
flowing along an outer surface of the plate is a second 
fluid; and a heat exchange element (B) comprising two 
30 plates facing each other as a set so as to form a sealed 
inner space as a passage for a third fluid, wherein a plate 
surface of the plate serves as a heat transfer surface, 
and a fluid flowing along an outer surface of the plate is 
a fourth fluid; a plurality of the heat exchange elements 
35 (A) and a plurality of the heat exchange elements (B) 
are alternately disposed in such a manner that the plate 
surfaces of the plates are opposed to each other and a 
predetermined gap is formed between adjacent the heat 
exchange elements; and a liquid distributor for flowing 
40 the second fluid and the fourth fluid onto upper portions 
of surfaces of the heat exchange elements (A) and (B) 
is provided in the gap. 

[0017] In the plate heat exchanger a gutter having r.n 
orifice hole in a side surface thereof may be used as tne 
^5 liquid distributor Further the liquid distributor may be in 
the form of a gutter and the plate surface may be utilized 
as a side surface of the gutter 

[0018] Preferably, a communication pipe communi- 
cating with the inner spaces of the heat exchange ele- 
50 rnents (A) and a communication pipe communicating 
with the inner spaces of the heat exchange elements 
(B) are formed on the plate surfaces of the heat ex- 
change elements (A) and (B), 

55 
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Brief Description of the Drawings 
[0019] 

FIG. 1 is a perspective view showing an example of 
a plate heat exchanger according to a first ennbod- 
iment of the present invention; 
FIGS. 2A and 2B are schematic views explanatory 
of manufacturing the plate heat exchanger shown 
in FIG. 1 , and FIG. 2A is a plan view, and FIG. 2B 
is a cross-sectional view taken along a line A-A of 
FIG. 2A; 

FIGS. 3A and 3B show another example of a plate 
heat exchanger according to the first embodiment 
of the present invention, and FIG. 3A is a perspec- 
tive view, and FIG. SB is a cross-sectional view tak- 
en along a line A-A of FIG. 3A; 
FIGS. 4A and 4B show still another example of a 
plate heat exchanger according to the first embod- 
iment of the present invention, and FIG. 4A is a per- 
spective view, and FIG. 4B is a cross-sectional view 
taken along a line A-A of FIG. 4A; 
FIG. 5 is a cross -sectional configurational view 
showing a plate heat exchanger according to the 
first embodiment of the present invention which is 
applied to an absorber and an evaporator in an ab- 
sorption refrigerating machine; 
FIG 6 is a cross-sectional configurational view 
showing an example of a plate heat exchanger ac- 
cording to a second embodiment of the present in- 
vention: 

FIG. 7 is a cross-sectional configurational view 
showing a main part of another example of a plate 
heat exchanger according to the second embodi- 
ment of the present invention; 
FIGS. 8A and 8B are configurational views showing 
a surface shape of a plate in a plate heat exchanger 
according to the second embodiment of the present 
invention, and FIG, 8A is a front view, and FIG. SB 
is a plan view; 

FIG. 9 is a configurational view showing a surface 
shape of a plate in another plate heat exchanger 
according to the second embodiment of the present 
invention; 

FIG. 1 0 is a configurational view showing a surface 
shape of a plate in still another plate heat exchanger 
according to the second embodiment of the present 
invention; 

FIG. 11 is a cross-sectional configurational view 
showing another example of a plate heat exchanger 
according to a third embodiment of the present in- 
vention; 

FIG. 12 is a cross-sectional configurational view 
showing still another example of a plate heat ex- 
changer according to the third embodiment of the 
present invention; 

FIGS. 1 3A and 13B are configurational views sche- 
matically showing another example of a plate heat 



exchanger according to the third embodiment of the 
present invention, and FIG. 13A is a front view, and 
FIG. 138 is a partial plan view; 
FIG. 14 is a configurational view showing a conven- 
5 tional plate heat exchanger applied to an absort>er 
and an evaporator; and 

FIG. 15 is a partial configurational view showing a 
conventional plate heat exchanger applied to an ab- 
sorber and an evaporator. 

10 

Best Mode for Carrying Out the Invention 

[0020] A plate heat exchanger according to a first em- 
bodiment of the present invention will be described be- 

'5 low in detail. 

[0021 ] As a plate used in the present invention, a plate 
having a shape suitable for meeting the following con- 
ditions can be used: Two plates having projections and 
depressions are piled on each other to form a space 

20 therebetween. When the peripheral portions of the 
plates and communication pipes having opening por- 
tions at both ends of the plates (an inlet and outlet for 
fluid) are simply piled, the plates are brought Into light 
contact (i.e., line contact) with each other along the 

25 whole peripheries. When a force in a direction of piling 
is increased, the contacting portions are changed in 
shape to be brought into surface contact with each other. 
When the force is increased until the projections and de- 
pressions of the respective plates are brought into con- 

30 tact with each other, the area of the contact surface is 
increased, and hence the peripheries of the plates can 
be sealed by brazing. 

[0022] In the case of brazing, plates are brazed while 
a force is being applied in order to bring the plates into 

35 close contact with each other. Accordingly, the afore- 
mentioned plates are preferable because, upon appli- 
cation of this force, the peripheral portions of the plates 
become parallel, and further the projections and depres- 
sions of the plates are brought into contact with each 

40 other. 

[0023] When the two plates described above are piled 
on each other while a brazing filler material is laid (ap- 
plied) at portions to be brought into contact with each 
other a heat exchange element which has a fluid pas- 

45 sage between the opening portions formed at both ends 
of the plates and the aforementioned space is formed. 
[0024] The present invention can be applied to not on- 
ly a case of brazing, but also a case where a gasket is 
interposed between the plates and a force is applied 

so from the outside, and a case where the plates are se ^led 
by welding. 

[0025] The projections and depressions of the plate 
according to the present invention can be formed as a 
corrugated pattern extending in a predetermined direc- 
ts tion, and hence a complicated passage curved two-di- 
mensionally can be formed with a relatively simple ar- 
rangement. 

[0026] Between the heat exchange elements having 
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the same passage, another heat exchange element 
having another passage is disposed. Therefore, the 
communication pipe has such a length as to provide a 
spacing in which the eiement can be disposed and a 
spacing for forming a passage on the outer surface of 
the plate. The communication pipe may be provided at 
one side of both ends of the plate. 
[0027] One of the communication pipes having the 
opening portions at both ends of the plate is provided 
with a rising portion, so that positioning of the plates up- 
on piling can be facilitated by the fitting of the opening 
portions. Thus, the two-dimensional positioning of the 
plates can naturally be perfomied by simply piling the 
plates on each other. Consequently, the manufacturing 
process can be simplified. 

[0028] A plate heat exchanger according to the first 
embodiment of the present invention will be described 
below In detail with reference to FIGS. 1 through 5. 
[0029] FIG. 1 is a perspective view showing an exam- 
ple of a plate heat exchanger according to the present 
invention. The plate heat exchanger is constituted by 
heat exchange structures 3, 3', i.e., three heat exchange 
elements 2 and three exchange elements 2' which are 
alternately bonded to each other 

[0030] The heat exchange element 2 is constructed 
in such a manner that two plates 4 are piled, and con- 
tacting portions having projections and depressions and 
peripheral portions of the plates are fixed to each other 
by welding or brazing. The heat exchange element 2* is 
constructed in such a manner that two plates 4 are piled, 
and contacting portions having projections and depres- 
sions and peripheral portions of the plates are fixed to 
each other by welding or brazing. 
[0031] In this example, the three heat exchange ele- 
ments 2 and the three heat exchange elements 2' are 
piled in opposite directions to form the heat exchange 
structures 3, 3'. The communication pipes 6 having the 
opening portion 7 are fixed to each other by welding or 
brazing at a time. Specifically, the heat exchange struc- 
ture 3 is constituted by the three heat exchange ele- 
ments 2, and the heat exchange structure 3' is consti- 
tuted by the three heat exchange elements 2V The heat 
exchange elements 2 and the heat exchange elements 
2' are alternately piled on each other in opposite direc- 
tions. 

[0032] FIGS. 2A and 2B show schematic views ex- 
planatory of manufacturing the plate heat exchanger 
shown in FIG. 1 at a time. FIG. 2A is a plan view, and 
FIG. 2B is a cross-sectional view taken along a line A- 
A of FIG. 2A. The heat exchange elements 2 each com- 
prising two plates piled on each other and the heat ex- 
change elements 2' each comprising two plates piled on 
each other are piled in opposite directions so that the 
opening portions communicate with each other 
[O033] At this time, a spacer 1 0 is disposed between 
the adjacent heat exchange elements for heating an in- 
termediate portion while a load is being applied thereto. 
With this arrangement, the two plates can be brazed to 



be combined with each other, and further all compo- 
nents can be brazed to be combined with each other at 
a time. 

[0034] Preferably the spacer comprises a material 
5 that is free from a thermal change and is not brazed. For 
example, a graphite material may be used as the spacer 
The surface of the spacer may be coated with a release 
agent beforehand in order to make sure not to be 
brazed. 

10 [0035] As described above, a brazing filler material is 
laid between the contacting portions and/or the contact- 
ing surfaces, and the plates and the spacers are piled 
on each other Then, the plates are heated in a furnace, 
while a force is being applied in the direction of piling (a 

15 weight is placed thereon), to braze the plates at a time. 
Thus, a heat exchanger is produced by a single step, so 
that the number of components is reduced to remarka- 
bly simplify the manufacturing process. 
[0036] FIGS. 3A and 3B show another example of a 

20 plate heat exchanger according to the present invention, 
and FIG. 3A is a perspective view, and FIG. 38 is a 
cross-sectional view taken along a line A-A of FIG. 3A. 
[0037] In FIGS. 3A and 3B. a hole is formed in a plate 
as a communication pipe 6 having an opening portion 7 

25 in the plate, instead of forming a notch in the plate shown 
in FIG. 1. A portion H indicated by broken lines has a 
hole of a diameter greater than the outer diameter of the 
communrcation pipe 6 so as to pass the communication 
pipe 6 therethrough. This hole is alternately formed on 

30 the right side and the left side in every other plate. 
[0038] FIGS. 4A and 4B show still another example 
of a plate heat exchanger according to the present in- 
vention, and FIG. 4A is a perspective view, and FIG. 4B 
is a cross-sectional view taken along a line A-A of FIG. 

35 4A. 

[0039] In FIGS. 4A and 4B, all communication pipes 
6 are connected to each other, instead of forming a 
notch in the plate shown in FIG. 1 or fonning a hole in 
the plate shown in FIG. 3 as a communication pipe 6 

40 having an opening portion 7 in the plate. A fluid is pre- 
vented from flowing into the plate 4. With a flow sup- 
pression portion 5, a fluid flowing into B flows through 
the plates® , © , and © , and a fluid flowing into C 
flows through the plates® ,® , and© . 

45 [0040] FIG. 5 shows an example in which the plate 
heat exchanger according to the first embodiment of the 
present invention is applied to an absorber and an evap- 
orator in an absorption refrigerating machine. In FIG. 5, 
cold water 11 flows through the interior of a heat ex- 

50 change element 2, and a refrigerant liquid 13 flows on 
the outer surface of the plate via a liquid distributor 15. 
The refrigerant liquid 1 3 which has not evaporated is re- 
ceived in a lower portion to be recirculated. Cooling wa- 
ter 12 flows through the interior of a heat exchange el- 

55 ement 2\ and a refrigerant which has evaporated on the 
outer surface of the plate in the heat exchange element 
2 is absorbed into an absorption solution 14 flowing on 
the outer surface of the plate in the heat exchange ele- 
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menl 2' disposed at an opposed position. 
[0041] When the plate heat exchanger is applied to a 
combination of a regenerator and a condenser in an ab- 
sorption refrigerating machine, the reference numeral 
11 denotes a heat source fluid, and the reference nu- 
meral 12 denotes cooling water. A liquid distributor 15 
is provided only on the outer surface of the plate in a 
heat exchange element 2 to flow an absorption solution. 
Thus, it is not necessary to provide the liquid distributor 
15 on the outer surface of the plate in a heat exchange 
element 2*. A refrigerant which has evaporated on the 
outer surface of the plate in the heat exchange element 
2 condenses on the outer surface of the plate in the heat 
exchange element 2' and flows downwardly on the outer 
surface. 

[O042] A guner having orifice holes in a side surface 
thereof can be used as the liquid distributor, and the out- 
er surface of the plate can be utilized as the side surface 
of the gutter. 

[0043] As described above, according to the first em- 
bodiment of the present invention, passages curved by 
projections and depressions are formed inside and out- 
side of heat exchange elements composed of one or two 
types of components, and simultaneously a complicated 
plate heat exchanger with high efficiency of heat ex- 
changing performance for exchanging heat between 
two sets of fluids having different temperatures can be 
manufactured at low cost from a small number of com- 
ponents by a simple manufacturing process. 
[0044] Next, a plate heat exchanger in a second em- 
bodiment of the present invention will be described be- 
low in detail. 

[0045] As with the first embodiment of the present in- 
vention, a plate having a shape suitable for meeting the 
following conditions can be used as a plate used in the 
present invention: Two plates having projections and 
depressions are piled on each other to fomn a space 
therebetween. When the peripheral portions of the 
plates and communication pipes having opening por- 
tions at both ends of the plates (an inlet and outlet for 
fluid) are simply piled, the plates are brought into light 
contact (i.e., line contact) with each other along the 
whole peripheries. When a force in a direction of piling 
is increased, the contacting portions are changed In 
shape to be brought into surface contact with each other. 
When the force is increased until the projections and de- 
pressions of the respective plates are brought into con- 
tact with each other, the area of the contact surface is 
increased, and hence the peripheries of the plates can 
be sealed by brazing. 

[0046] In the case of brazing, plates are brazed while 
a force is being applied in order to bring the plates into 
close contact with each other. Accordingly, the afore- 
mentioned plates are preferable because, upon appli- 
cation of this force, the peripheral portions of the plates 
become parallel, and further the projections and depres- 
sions of the plates are brought into contact with each 
other. 



[0047] When the two plates described above are piled 
on each other while a brazing filler material is laid (ap- 
plied) at portions to be brought into contact with each 
other, a heat exchange element which has a fluid pas- 

5 sage between the opening portions formed at both ends 
of the plates and the aforementioned space is formed. 
[0048] The present invention can be applied to not on- 
ly a case of brazing, but also a case where a gasket is 
interposed between the plates and a force is applied 

^0 from the outside, and a case where the plates are sealed 
by welding. 

[0049] The projections and depressions of the plate 
according to the present invention can be formed as a 
conrugated pattern extending in a predetermined direc- 
15 tion, and hence a complicated passage curved two-di- 
mensionally can be formed with a relatively simple ar- 
rangement. 

[0050] Between the heat exchange elements having 
the same passage, another heat exchange element 

20 having another passage and a scatter preventive means 
are disposed. Thus, the communication pipe has such 
a length as to provide a spacing in which the element 
and the scatter preventive means can be disposed and 
a spacing for forming a passage on the outer surface of 

25 the plate. The communication pipes may be provided at ' 
one side of both ends of the plate. In order to manufac- 
ture the heat exchanger, a spacer is disposed between 
the adjacent elements , and these components can be 
brazed in a furnace at a time while a force is being ap- 

30 plied. 

[0051] One of the communication pipes having the 
opening portions at both ends of the plate is provided 
with a rising portion, so that positioning of the plates up- 
on piling can be facilitated by the fitting of the opening 
35 portions. Thus, the two-dimensional positioning of the 
plates can naturally be performed by simply piling the 
plates on each other. Consequently, the manufacturing 
process can be simplified. 

[0052] The scatter preventive means disposed be- 
40 tween the heat exchange elements (A) and (B) accord- 
ing to the present invention may have such a structure 
that a second fluid and a fourth fluid flow separately in 
the downward direction on the heat transfer surfaces in 
the plate surfaces of the elements for preventing dr jp- 
45 lets of both fluids from being scattered. For example, the 
scatter preventive means may comprise a baffle consti- 
tuted by two plates so as to return respective scattered 
liquids to the heat transfer surfaces on which the liquids 
have been scattered. The baffle is brought into contact 
50 with the projections on the plate surface, and the baffles 
are brought into contact with each other. The baffle 
serves as a spacer to apply a load to portions to be 
brazed, and hence the heat exchanger can be brazed 
at a time. 

55 [0053] A plate heat exchanger according to the sec- 
ond embodiment of the present invention will be de- 
scribed below in detail with reference to FIGS. 6 through 
10. 
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[0054] FIG. 6 is a cross-sectional configurational view 
showing an exannple of a plate heat exchanger accord- 
ing to the present Invention. The piate heat exchanger 
is constituted by three heat exchange elements 2 and 
three heat exchange elements 2' which are alternately s 
bonded to each other. 

[0055] The heat exchange element 2 is constructed 
in such a manner that two plates 4 are piled, and periph- 
eral portions 9 of the plates are fixed to each other by 
welding or brazing. The heat exchange element 2' is io 
constructed in such a mannerthat two plates 4 are piled, 
and peripheral portions 9 of the plates are fixed to each 
other by welding or brazing. 

[0056] Baffles 16 for preventing a fluid flowing on the 
plate surface from being scattered are disposed be- ^5 
tween the heat exchange elements 2 and 2'. Liquid dis- 
tributors 15 are provided above the heat exchange ele- 
ments 2, 2", and the fluid flows from orifice holes 17 of 
the liquid distributor along the heat transfer surface of 
the plate surface. 20 
[0057] In the case where the baffles are placed in con- 
tact with, or slightly apart from, the heat transfer surface 
of the piate surface, even if the second fluid 11 or the 
fourth fluid 12 flowing downwardly from the liquid dis- 
tributor 15, e.g., an absorption-solution 11 or a refriger- 
ant liquid 12, is scattered, the solutions can be prevent- 
ed from being introduced into the evaporator side or the 
absorber side. Furthermore, the solutions are returned 
to the absorber side for thereby maintaining the amount 
of absorption solution and the amount of refrigerant liq- 
uid. The recovered refrigerant liquid 1 2 can be circulated 
and supplied. 

[0058] In FIG. 6, the first fluid is supplied by a com- 
munication pipe communicating with the heat exchange 
elements 2\ while the third fluid is supplied by a com- 
munication pipe communicating with the heat exchange 
elements 2. although this is not illustrated. The first fluid 
may be cooling water, and the third fluid may be cold 
water, to thus constitute a plate-type absorber and a 
plate-type evaporator in an absorption refrigerating ma- 
chine. 

[0059] When the heat exchanger is applied to a com- 
bination of a regenerator and a condenser in an absorp- 
tion refrigerating machine, cooling water is supplied into 
the heat exchange element 2 through the communica- 
tion pipe, and a heat source fluid is supplied into the 
heat exchange element 2' through the communication 
pipe. The absorption solution 1 1 flows on the heat trans- 
fer surface of the surface of the heat exchange element 
2' via the liquid distributor 1 5 to evaporate the refrigerant 
liquid and to condense the evaporated refrigerant on the 
heat transfer surface of the plate surface of the heat ex- 
change element 2. Thus, it is not necessary to flow the 
liquid on the heat exchange element 2 from the liquid 
distributor 15. 

[0060] FIG: 7 shows another cross-sectional configu- 
rational view showing a main part of a plate heat ex- 
changer according to the second embodiment of the 



present invention. In FIG. 7, the plates are brought into 
contact with each other at peripheral portions 9 of the 
plates and at intersections 1 9 of corrugated patterns 1 8. 
A baffle 1 6 is brought into contact with plates 4 and an- 
other baffle 16 at contacting portions 20 to serve as a 
substitute for a spacer between heat transfer elements 
2 and 2'. With this arrangement, a load can be applied 
to portions, to be brazed, of the entire piate 4 upon heat- 
ing for manufacturing a plate heat exchanger, and the 
entire heat exchanger can be brazed at a time. 
[0061] FIGS.BA, SB, 9 and 10 show heat transfer sur- 
face shapes 18 of plate surfaces. In FIGS. 8A and SB, 
the heat transfer surface shape 1 8 of a plate 4 is formed 
in the vertical direction by corrugations at the depres- 
sions and projections. FIG. 8A is a front view, and FIG. 
8B is a plan view, in FIGS. 8A and 88, the reference 
numeral 7 denotes an opening portion. FIGS. 9 and 10 
show a heat transfer surface shape IB in which corru- 
gations at the depressions and projections are inclined. 
In FIG. 10, dashed lines represent projections and de- 
pressions of a rear plate. In FIGS. 9 and 10, the corru- 
gations are inclined in two directions to form an angular 
shape. However the corrugations may be Inclined in 
one direction, or may form a number of angular shapes. 
As shown in FIGS. 8A, 8B, 9 and 1 0, the projections and 
depressions are provided on the heat transfer surface, 
and the contacting portions of the plates 4 are brazed 
to increase the strength of the plates. When the projec- 
tions and depressions are in the form of linear corruga- 
tions which are formed in the vertical or nearly vertical 
direction, the liquid flows on the plate evenly without 
nonuniformity of the liquid flow. 

[0062] The heat transfer surface of the plate surface 
is preferably sandblasted to improve the wettability of 
the liquid and to widen the range of the liquid flow. In 
this manner, it is desirable to treat or pre-treat the plate 
surface for increasing its hydrophilic properties. 
[0063] As described above, according to the second 
embodiment of the present invention, passages curved 
by projections and depressions are formed inside and 
outside of heat exchange elements composed of one or 
two types of components, and simultaneously a compli- 
cated plate heat exchanger with high efficiency of heat 
exchanging performance for exchanging heat between 
two fluids having different temperatures can be manu- 
factured at low cost from a small number of components 
by a simple manufacturing process. 
[0064] Further, according to the present invention, 
since droplets are prevented from being scattered, the 
two fluids flowing downwardly are not mixed with each 
other. When the heat exchanger is used as an absorber 
and an evaporator, or a regenerator and a condenser, 
in an absorption refrigerating machine, an absorption re- 
frigerating machine with a high heat exchange perform- 
ance can be obtained without a lowered performance of 
a refrigerating machine or the problem that the heat 
transfer surface is difficult to be wet. 
[0065] A plate heat exchanger according to a third 
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embodiment of the present invention will be described 
below in detail. 

[0066] As with the first embodiment of the present in- 
vention, a plate having a shape suitable for meeting the 
following conditions can be used as a plate used in the 
present invention: Two plates having projections and 
depressions are piled on each other to form a space 
therebetween. When the peripheral portions of the 
plates and communication pipes having opening por- 
tions at both ends of the plates (an inlet and outlet for 
fluid) are simply piled, the plates are brought into light 
contact (i.e., line contact) with each other along the 
whole peripheries. When a force in a direction of piling 
is increased, the contacting portions are changed in 
shape to be brought into surface contact with each other. 
When the force is increased until the projections and de- 
pressions of the respective plates are brought into con- 
tact with each other, the area of the contact surface is 
increased, and hence the peripheries of the plates can 
be sealed by brazing. 

[0067] In the case of brazing, plates are brazed while 
a force is being applied in order to bring the plates into 
close contact with each other. Accordingly, the afore- 
mentioned plates are preferable because, upon appli- 
cation of this force, the peripheral portions of the plates 
become parallel, andfurther the projections and depres- 
sions of the plates are brought into contact with each 
other 

[0068] When the two plates described above are piled 
on each other while a brazing filler material is laid (ap- 
plied) at portions to be brought into contact with each 
other, a heat exchange element which has a fluid pas- 
sage between the opening portions fomried at both ends 
of the plates and the aforementioned space is formed. 
[0069] The present invention can be applied to not on- 
ly a case of brazing, but also a case where a gasket is 
interposed between the plates and a force is applied 
from the outside, and a case where the plates are sealed 
by welding. 

[0070] The projections and depressions of the plate 
according to the present invention can be fomied as a 
corrugated pattem extending in a predetennined direc- 
tion, and hence a complicated passage curved two-di- 
mensionally can be formed with a relatively simple ar- 
rangement. 

[0071] Between the heat exchange elements having 
the same passage, another heat exchange element 
having another passage and a scatter preventive means 
are disposed. Therefore, the communication pipe has 
such a length as to provide a spacing in which the ele- 
ment and the scatter preventive means can be disposed 
and a spacing for forming a passage on the outer sur- 
face of the plate. The communication pipes may be pro- 
vided at one side of both ends of the plate. In order to 
manufacture the heat exchanger, a spacer is disposed 
between the adjacent elements, and thus these compo- 
nents can be brazed in a furnace at a time while a force 
is being applied. 



[0072] One of the communication pipes having the 
opening portions at both ends of the plate is provided 
with a rising portion, so that positioning of the plates up- 
on piling can be facilitated by the fitting of the opening 
5 portions. Thus, the two-dimensional positioning of the 
plates can naturally be performed by simply piling the 
plates on each other. Consequently, the manufacturing 
process can be simplified. 

[0073] A liquid distributor provided above the surface 
10 of the heat exchange element according to the present 
invention is in the fonm of a gutter in parallel with the 
plate surface, and orifice holes for allowing the liquid to 
flow therethrough downwardly onto the plate surface are 
provided in a side surface of the liquid distributor. The 
15 liquid distributor may utilize the plate surface as a side 
surface of the gutter. With this arrangement, upon sup- 
plying a fluid onto the plate surface, the liquid is prevent- 
ed from being scattered, so that the liquid flows on the 
plate surface evenly without nonuniformity of the liquid 
20 flow. 

[0074] A scatter preventive means may be disposed 
below the liquid distributor between the heat exchange 
elements (A) and (B) of the present invention. With this 
arrangement, the fluid supplied onto the plate surface 

25 can be prevented more reliably from being scattered. ' 
The scatter preventive means may be a baffle compris- 
ing two plates so as to return respective scattered liquids 
to the heat transfer surfaces on which the liquid has 
been scattered. 

30 [0075] In the heat exchange element of the present 
invention, the fluid flows on the outer surface of the heat 
exchange element and exchanges heat with the internal 
fluid via the heat transfer surface of the plate. Thus, the 
outer surface needs to be highly wettable so that the 

35 fluid flowing on the outer surface can spread over the 
heattransfer surface and eliminate a dry surface. There- 
fore, the plate having the heat transfer surface of the 
heat exchange element may be made of stainless steel, 
and the outer surface of the plate may be provided with 

^0 a porous layer formed by electrolytic dissolution, a dif- 
fusion layer of chromium oxide formed by treatment with 
a molten salt bath containing chromium, or a large 
number of small depressions. Alternatively the outer 
surface of the plate may be satin finished. 

^5 [0076] In order to provide a large number of smalt de- 
pressions on the outer surface, a targe number of small 
protrusions on the surface of a mold are transferred to 
a material for the plate when the plate is molded. A satin 
finished surface can be fomned by using a material hav- 

50 ing a surface that has been satin finished, for example, 
a stainless steel material having a surface that has been 
satin finished by a roller during production of the steel 
sheet. Alternatively: the satin finished surface can be 
formed by electric discharge machining of the surface. 

55 Electric discharge machining is preferably performed in 
water, and may be applied to a sheet (raw material) for 
the plate, or may be performed during the production of 
a plate heat exchanger after the molding of the plate. If 
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electric discharge machining is applied to the raw ma- 
terial, a pulsed current may be supplied while the elec- 
trode in a flat shape is being moved or the sheet is being 
moved. In this case, the shape of the electrode can be 
simplified. 

[0077] A plate heat exchanger according to the third 
embodiment of the present invention will be described 
below in detail with reference to FIGS. 6, and 1 1 through 

13. 

[0078] An example of a plate heat exchanger accord- 
ing to the third embodiment of the present invention has 
the same structure as the example shown in FIG. 6, and 
thus will be described with reference to FIG. 6. 
[0079] As shown in FIG. 6, the plate heat exchanger 
of the present invention is constituted by three heat ex- 
change elements 2 and three heat exchange elements 
2' which are alternately bonded to each other. 
[0080] The heat exchange elements 2, 2' are con- 
structed in such a manner that two plates 4 are piled, 
and contacting portions having projections and depres- 
sions and peripheral portions 9 are fixed to each other 
by welding or brazing. 

[0081] Baffles 16 for preventing a fluid flowing on the 
plate surface from being scattered arc disposed be- 
tween the heat exchange elements 2 and 2*. Liquid dis- 
tributors 15 are provided above the heat exchange ele- 
ments 2, 2', and the fluid flows from orifice holes 17 of 
the liquid distributor along the heat transfer surface of 
the pJate surface. 

[0082] In the case where the liquid distributors and the 
baffles are placed in contact with the heat transfer sur- 
face of the plate surface, the second fluid 1 1 or the fourth 
fluid 12 flowing downwardly from the liquid distributor 
15, e.g., an absorption solution 11 or a refrigerant liquid 
12, can be prevented from being scattered and being 
introduced into the evaporator side or the absorber side. 
Furthermore, when the baffles are provided, the solu- 
tions can be returned to the absorber side, and the re- 
frigerant liquid can be retumed to the evaporator side, 
for thereby maintaining the amount of absorption solu- 
tion and the amount of refrigerant liquid. Refrigerant 
pans 23 are provided below the heat exchange ele- 
ments 2 to recover the refrigerant liquid 12 which has 
not evaporated. The recovered refrigerant liquid 12 can 
be circulated and supplied. 

[0083] In FIG. 6, the first fluid is supplied by a com- 
munication pipe communicating with the heat exchange 
elements 2', while the third fluid Is supplied by a com- 
munication pipe communicating with the heat exchange 
elements 2, although this is not illustrated. The first fluid 
may be cooling water, and the third fluid may be cold 
water, to thus constitute a plate-type absorber and a 
plate-type evaporator in an absorption refrigerating ma- 
chine, 

[0084] FIG. 1 1 shows the plate heat exchanger having 
liquid distributors 15 formed integrally with baffles 16. 
The configuration shown in FIG. 11 is practically the 
same as the configuration shown in FIG. 6. The upper- 



most baffle 1 6 may be integrated with the liquid distrib- 
utor 15. 

[0085] FIG. 12 shows that the heat exchanger is ap- 
plied to a combination of a regenerator and a condenser 

5 in an absorption refrigerating machine. Cooling water is 
supplied into a heat exchange element 2 through a com- 
munication pipe, while a heat source fluid is supplied 
into a heat exchange element 2' through a communica- 
tion pipe. An absorption solution 11 flows on the heat 

10 transfer surface of the plate surface of the heat ex- 
change element 2' via a liquid distributor 15 to evapo- 
rate a refrigerant liquid and to condense a refrigerant 
liquid 12 on the heat transfer surface of the plate surface 
of the heat exchange element 2. The refrigerant liquid 

15 12 which has been condensed is recovered by a refrig- 
erant pan 23. Thus, it is not necessary to provide the 
liquid distributor on the heat exchange element 2. Even 
if the liquid distributor is provided, It is not necessary to 
introduce the liquid into the liquid distributor. 

20 [0086] FIGS. 13A and 13B are configurational views 
schematically showing a plate heat exchanger having 
another liquid distributor according to the present inven- 
tion. FIG. 13A is a front view, and FIG. 1 SB is a partial 
plan view. The configuration shown in FIGS. 13A and 

25 1 3B is practically the same as the configurations shown 
in FIGS. 6 and 11 . A refrigerant liquid or an absorption 
solution flows downwardly from orifice holes 17 along 
the surface of the plate. Thus, the plate surface can also 
utilized as a gutter-like side surface of a liquid distributor 

30 15. In this case, the orifice holes 17 may be notches pro- 
vided at a portion to be brought into contact with the 
plate surface. 

[0087] As described above, according to the third em- 
bodiment of the present invention, passages curved by 

35 projections and depressions are formed inside and out- 
side of heat exchange elements composed of one or two 
types of components, and, simultaneously a complicat- 
ed plate heat exchanger with high efficiency of heat ex- 
changing performance for exchanging heat between 

40 two fluids having different temperatures can be manu- 
factured at low cost from a small number of components 
by a simple manufacturing process. 
[0088] Further according to the present invention, 
since droplets are prevented from being scattered, the 

45 two fluids flowing downwardly are not mixed with each 
other. When the heat exchanger is used as an absorber 
and an evaporator, or a regenerator and a condenser, 
in an absorption refrigerating machine, an absorption re- 
frigerating machine with a high heat exchange perform- 

50 ance can be obtained without a lowered performance of 
a refrigerating machine or the problem that the heat 
transfer surface is difficult to be wet. 
[0089] Furthermore, according to the present inven- 
tion, the fluid flowing downwardly on the plate surface 

55 can flow evenly without nonuniformity of the liquid flow. 
Therefore, a plate heat exchanger with high efficiency 
of heat exchanging perfomnance can be obtained. 
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Industrial Applicability 

[0090] The present invention relates to a plate heat 
exchanger for exchanging heat between two fluids flow- 
ing alternately through adjacent fluid passages between 
piled plates, which is suitable for an evaporator, a low- 
temperature regenerator, a condenser, and the like in a 
refrigerating machine using a low-pressure refrigerant 



Claims 

1. A plate heat exchanger for simultaneously ex- 
changing heat between two sets of fluids having dif- 
ferent temperatures, characterized in that: 

said plate heat exchanger comprises: a heat 
exchange element (A) comprising two plates 
facing each other as a set so as to form a sealed 
inner space therebetween as a passage for a 
first fluid, wherein a plate surface of said plate 
serves as a heat transfer surface, and a fluid 
flowing along an outer surface of said plate is 
a second fluid; and a heat exchange element 
(B) comprising two plates facing each other as 
a set so as to form a sealed inner space as a 
passage for a third fluid, wherein a plate sur- 
face of said plate serves as a heat transfer sur- 
face, and a fluid flowing along an outer surface 
of said plate is a fourth fluid; 
a plurality of said heat exchange elements (A) 
and a plurality of said heat exchange elements 
(B) are alternately disposed in such a manner 
that said plate surfaces of said plates are op- 
posed to each other and a predetermined gap 
is formed between adjacent said heat ex- 
change elements; and 

a communication pipe communicating with said 
inner spaces of said heat exchange elements 
(A) and a communication pipe communicating 
with said inner spaces of said heat exchange 
elements (B) are formed on said plate surfaces 
of said heat exchange elements (A) and (B) and 
integrally formed with said elements. 

2. A plate heat exchanger according Ito claim 1 char- 
acterized in that said communication pipe commu- 
nicating with said elements is constituted by a part 
of said plate in said element. 

3. A plate heat exchanger according to claim 1 or 2, 
characterized in that said two elements (A) and 
(B) attemately disposed have the same shapes that 
are symmetrical in the opposite direction. 

4. A plate heat exchanger according to any one of 
claims 1 through 3, characterized in that said plate 
heat exchanger comprises a plate-type absorber 



and a plate-type evaporator for an absorption refrig- 
erating machine, in which said first fluid is cooling 
water said second fluid is an absorption solution, 
said third fluid is cold water and said fourth fluid is 



5 a refrigerant liquid. 

5. A plate heat exchanger according to any one of 
claims 1 through 3, characterized in that said plate 
heat exchanger comprises a plate-type regenerator 
10 and a plate-type condenser for an absorption refrig- 



erating machine, in which said first fluid is a heat 
source fluid, said second fluid is an absorption so- 
lution, said third fluid is cooling water, and said 
fourth fluid is a refrigerant condensate. 

15 

6. A plate heat exchanger for simultaneously ex- 
changing heat between two sets of fluids having dif- 
ferent temperatures, characterized in that: 

20 said plate heat exchanger comprises: a heat 

exchange element (A) comprising two plates 
facing each other as a set so as to form a sealed 
inner space therebetween as a passage for a 
first fluid, wherein a plate surface of said plate 

25 serves as a heat transfer surface, and a fluid ' 

flowing along an outer surface of said plate is 
a second fluid; and a heat exchange element 
(B) comprising two plates facing each other as 
a set so as to form a sealed inner space as a 

30 passage for a third fluid, wherein a plate sur- 

face of said plate serves as a heat transfer sur- 
face, and a fluid flowing along an outer surface 
of said plate is a fourth fluid; 
a plurality of said heat exchange elements (A) 

35 and a plurality of said heat exchange elements 

(B) are attemately disposed in such a manner 
that said plate surfaces of said plates are op- 
posed to each other and a predetermined gap 
is formed between adjacent said heat ex- 

40 change elements; and 

scatter preventive means for preventing a drop- 
let from being scattered is provided in said gap. 

7. A plate heat exchanger according to claim 6, char- 
45 acterized in that a communication pipe communi- 
cating with said inner spaces of said heat exchange 
elements (A) and a communication pipe communi- 
cating with said inner spaces of said heat exchange 
elements (B) are formed on said plate surfaces of 

50 said heat exchange elements (A) and (B). 

8. A plate heat exchanger according to claim 7, char- 
acterized in that said communication pipe commu- 
nicating with said elements is constituted by a part 

55 of said plate in said elements. 

9. A plate heat exchanger according to claim 6 or 7 or 
8. characterized In that said scatter preventive 
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means is constituted by two plates so as to return (B). 
a scattered liquid to said heat transfer surface on 
which said liquid has been scattered. 

10. A plate heat exchanger according to any one of 5 
claims 6 through 9, characterized in that a liquid 
distributor for said second fluid and/or said fourth 
fluid is disposed on said outer surface of said plate 

in said heat exchange element (A) and/or said heat 
exchange element (B). 

11. A plate heat exchanger for simultaneously ex- 
changing heat between two sets of fluids having dif- 
ferent temperatures, characterized in that: 

15 

said plate heat exchanger comprises: a heat 
exchange element (A) comprising two plates 
facing each other as a set so as to form a sealed 
inner space therebetween as a passage for a 
first fluid, -wherein a plate surface of said plate 
serves as a heat transfer surface, and a fluid 
flowing along an outer surface of said plate is 
a second fluid; and a heat exchange element 
(B) comprising two plates facing each other as 
a set so as to form a sealed inner space as a 25 
passage for a third fluid, wherein a plate sur- 
face of said plate serves as a heat transfer sur- 
face, and a fluid flowing along an outer surface 
of said plate is a fourth fluid; 

' a plurality of said heat exchange elements (A) 30 
and a plurality of said heat exchange elements 
(B) are alternately disposed in such a manner 
that said plate surfaces of said plates are op- 
posed to each other and a predetermined gap 
is fonned between adjacent said heat ex- 35 
change elements; and 

a liquid distributor for flowing said second fluid 
and said fourth fluid onto upper portions of sur- 
faces of said heat exchange elements (A) and 
(B) is provided in said gap. 

12- A plate heat exchanger according to claim 11, char- 
acterized in that said liquid distributor comprises 
a gutter having an orifice hole in a side surface 
thereof. -^^ 

13. A plate heat exchanger according to claim 11 or 1 2, 
characterized in that said liquid distributor is in the 
form of a gutter, and said plate surface is utilized as 

a side surface of said gutter so 

14. A plate heat exchanger according to claim 11 or 12 
or 13, characterized in that a communication pipe 
communicating with said inner spaces of said heat 
exchange elements (A) and a communication pipe 55 
communicating with said inner spaces of said heat 
exchange elements (B) are formed on said plate 
surfaces of said heat exchange elements (A) and 
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